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Optimization Methodologies for Product Variety Design
(1st Report: Design Optimality across Multiple Products and its Situation)∗
Kikuo FUJITA∗2
∗2 Department of Computer-Controlled Mechanical Systems, Osaka University,
2-1 Yamadaoka, Suita, Osaka 565-0871, Japan
This paper discusses product variety design under the viewpoint of design optimization paradigm.
Product variety design means the simultaneous design of multiple products toward higher optimality
beyond ordinary design methods for a single product. It is expected to be an excellent manufacturing
strategy, since design optimization basis is expanded. The paper first shows the possibilities and difficulties
of design optimization for multiple products under fixed product architecture. Such optimization demands
to determine the contents of modules and their combinations under modular architecture. This indicates that
product variety optimization includes three classes of optimization problems, attribute assignment, module
combination and simultaneous design of both. The paper defines generic framework on the optimality as
the prerequisite for developing optimization techniques for respective classes. Then, stretch-based aircraft
design deployment, which is an example of the first class, is explored by means of enumeration and
successive quadratic programming, after developing the mathematical model for the evaluation of total
profit of a manufacturer through the entire production of all units of different models. Its numerical result
demonstrates the necessity and effectiveness of optimization paradigm in product variety design.
Key Words : Product Variety Design, Design Optimization, Design Engineering, Product Family, Modular
Architecture, Mathematical Modeling, Generic Frameworks
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Fig. 5 Independent, similar and common module
designs in stretch-based design deployment
????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????
5 Class I???????????
???????????????????????
?????????????? Class I???????
????????????????????????
????????????????????????
5.1 ?????????????? ????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
???????????(10)???????
? 5????????????????????
???????????????????????
???????????? Product 1??????
???? m???????????????????
????????????????????????
??????? Product 2?? Product p ?????
?????????????????????
?? (Independent)???????? ??????
?????
?? (Similar)???????? ????????
????????
?? (Common)???????? ?????????
????????????????????????
???????????????????????
????????????????????????
??????????????????????? (?
????????????????????????
??)??????????????????????
??????????????????? (?????
?????????????????)???????
???????????????????
???????????????????????
??????????????????
• ??????? P i ( i = 1, 2, · · · , p )??????
??? P1 ?????????????????
?????????????????
• ?? Pi ? m???????M j ( j = 1, 2, · · · , m )
??????????????????????
xij,k (k = 1, 2, · · · , k j )???????????
??? x ij =
[
xij,1, x
i
j,2, · · · , x ij,k
]T
???????
xij,1 ????????????
• ?????M i1j ?M i2j ????????????
?????????????? x ij,1 ??????
??????
• ?? Pi ??????????????????
??????????
5.2 ???????????? ??????
??? 4.2????????????????????
????????????????????????
????????????????????????
????????????????????????
5.2.1 ?????? ????????????
????????????????????????
????????????????????????
Pi ???????CD i ???????????
CD i =
m
∑
j=1
CD ij (3)
CD ij =


αD j W ij · · ·?????????(
βD j W
i
j −W 1j
W 1j
+ γD j
)
CD 1j
· · ·?????????
0 · · ·?????????
(4)
????W ij ??? Pi ??????M j ?????
?? x ij ????????????? αD j, βD j, γD j ?
???????????????????????
5.2.2 ??? ???????????????
????????????????????????
???????????????? P i ????CF i
??????????????????????????? (? 1?) 680
???????????
CF i =
m
∑
j=1
CF ij (5)
CF ij =


αF j xij,1 · · ·?????????(
βF j x
i
j,1−x1j,1
x1j,1
+ γF j
)
CF 1j
· · ·?????????
0 · · ·?????????
(6)
???? αF j, βF j, γF j ??????????????
????????????
5.2.3 ??? ??????? cm???? cp
????????????????????????
????????????????????????
????????????????????? ??
????????? cp()? cp(1) ·  ln rln2 ??????
????????????? r??????????
? 0.75 ∼ 0.85?????????(11)?
????????????? P i ?  i ??????
????? cP i( i)?????? P ι ?  ι ??????
?????????????????????
cP
i( i) = cm i+ cp i( i) (7)
???????? cm i ?????????????
??????????M j ????????????
ϑ j ?????????????
cm
i =
m
∑
j=1
ϑ j W ij (8)
?? Pi ?  i??????????? cp i( i)???
??????????????????  ij ?????
??????
cp
i( i) =
m
∑
j=1
κ j W ij u( ij) (9)
u( ij) =
(
 ij +
p
∑
ι=1,ι=i
ζ jι,i  ιj
) ln r
ln2
(10)
???? κ j ???????????????????
ζ jι,i ??????M ij ???????????M ιj ?
????????????????????????
??? 0????????? 1??????????
????????????????????????
????? 0? 1???????????????
5.2.4 ???????? ????????
???????? x i1, x
i
2, · · · , x im ?????????
????????????????????????
????????????? λ i(x i1,x i2, · · · ,x im)???
???????????? P i ???CS i ??????
????????????????????????
????????????????????????
????????????????????????
?????????????????????
Pr
CS i
Ty
=
(
µi−λ i ) To−R CS i (11)
???? Pr???????????????????
???? µi???????????????? To?
????????? Ty ???????????? R?
????????????? ρ???? R = ρ (1+ρ)
Ty
(1+ρ)Ty−1
?????????
?????????? P i ?????????????
CS i =
(
µi−λ i ) To
Pr
Ty +R
(12)
5.2.5 ????? ?????????????
??????????????????
• ??????????????????????
???????????????????
• ??????????????????????
???????????????? (?????
?????????????????)?
• ??????????????????????
???????????
• ???????????????? (10)????
?????????????????????
???????????????????????
????????????
CI =
p
∑
i=1
(
CD i + CF i
) (13)
?????? Pi ??????? N i (i = 1, · · · , p)??
???? Tp ????????????? y????
????????????CB(y) ?????????
??
CB(0) = −CI
CB(y) = CB(y−1) ( 1+ρ )
−
p
∑
i=1
N i
Tp
  1
0
cP
i( i(t)) dt+
p
∑
i=1
N i
Tp
CS i
(y = 1, · · · , Tp)


(14)
????  i(t)?????? i?????  i(t) =
N i
Tp (y−1+ t )?????????
??????????????????????????? (? 1?) 681
5.3 ???????????? ??????
???????????????????????
????????????????????????
???????????????????????
???? · · · ????????????????
????????????????? x ij (i =
1, · · · , p; j = 1, · · · , m)????????????
???? · · · ?????????????????
??????????????????????
??????????????????????
???
????????????????????
??????????????????????
P1 ??? Pi ??????M j ????? x ij,k =
x1j,k(k = 2, · · · ,k j; i = 1)???????????
??????????????? x ij,k = x
1
j,k(k =
1, · · · ,k j; i = 1)???????????
???? · · · ? (14)????CB(Tp)??????
???????????????
????????????????????????
????????????????????????
??????????? 2?????????
??????????? Class I ????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????
6 ?????????????????????
???????????????????????
?????????????????????
6.1 ???????????????????
??????????????????????
??????????????? 6????????
?????????? 4?????????????
????????????????????????
????????????????????????
?????????????? T???? 2????
????????????????????????
????????????????????????
???????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
Vertical
tail wing
Horizontal
tail wing
Engine
Main wing
Engine
Fuselage
Fig. 6 Module structure of aircraft
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
?????????????????????????
6.2 ????????????? ?????
????????????????????????
????????????????? Torenbeek (12)?
Raymer(11)???????????????????
????????????????????????
???? λ i ???????????????????
????????????????? µ i ??????
????????????????????????
?????????
6.3 ???????????? ??????
????????????????????????
???????????????????? 90???
?? 2000km????????????? P 1 ???
?? 90????? 2000km???????????
??????? P 2 ???????????????
?????? N i ????? 200?????? Tp? 15
????????????????????????
????????????????????????
??????? 18????????????????
?????????????? αD j = 1.6×107 [Y/kg],
βD j = 0.5, γD j = 0.1, αF j = 1.6×109 [Y/m] (????
????????? αF j = 1.6× 106 [Y/kgf]???),
βF j = 0.5, γF j = 0.1, ϑ j = 8.0× 104 [Y/kg]????
???????????? j???? κ j = 2.8 × 105
[Y/kg], ????????? r = 0.85???????
????????????? ζ j i1,i2 = 0.5 (i1 =i2)??
??????????????????????????? (? 1?) 682
500
400
300
200
100
-100
-200
0
2000-2000 2000-2500 2000-3000 2000-3500 2000-4000
Pr
of
it 
of
 a
 m
an
uf
ac
tu
re
r  
[ B
ill
ion
 Y
en
 ]
Cruising ranges of first and second models [ km ]
Other 
Similar 
Designs
Same fuselage, 
Independent main wing, 
Independent tail wing and 
Independent engine
Same fuselage, 
Similar main wing, 
Similar tail wing and 
Same engine
Same fuselage, 
Similar main wing, 
Similar tail wing and
Independent engine
Same fuselage, 
Same main wing, 
Same tail wing and 
Same engine
Fig. 7 Optimality versus variety range
?????????????????? Pr = 0.1?
ρ = 0.03????????????????????
????????????????????????
? 7??????????????? 2?????
????????????????????????
???????????? 4???????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????????????????? 2????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????????????
????????????????
???????????????????????
??????????? 7????????????
????????????????????????
???????????????????????
?? Class II? Class III?????????????
??????????
7 ? ?
???????????????????????
????????????????????????
????????????????????????
??????????????? Class I??????
????????????????????????
????????????????????????
????????????????????????
??????
???????????????????????
?(13)??????????????????????
????????????????????????
????????????????????????
???????????????
???????????????????????
???????????? ? ?? (????????
????)????????????????????
? ?
(1) ?????, “?????????????????,”
????????? C?, Vol. 65, No. 629, (1999),
pp. 416-423.
(2) ?????, “???????????????????
???????? (? 2??????????????
?),”????????? C?, Vol. 68, No. 666, (2002),
(???? 01-0668).
(3) ?????, “???????????????????
???????? (? 3??????????????
??????????),” ????????? C?, (?
??????? 01-0669).
(4) ??: ???????,???????,???????,
Vol. 101, No. 954, (1998), pp. 348-389.
(5) ??: ?????????????, ??????,
Vol. 66, No. 7, (2000), pp. 1009-1042.
(6) Papalambros, P. Y. and Wilde, D. J., The Principles of
Optimal Design (Second Edition), (2000), Cambridge
University Press.
(7) Ulrich, K., “The Role of Product Architecture in the
Manufacturing Firm,” Research Policy, Vol. 24, (1995),
pp. 419-440.
(8) Pahl, G. and Beitz, W., Engineering Design (Second
Edition), (Translated by Wallace, K. et al.), (1996),
Springer.
(9) Ulrich, K. T. and Eppinger, S. D., Product Design and
Development, (1995), McGraw-Hill.
(10) ??,???? (?), (1991),????, pp. 120-122.
(11) Raymer, D. P., Aircraft Design: A Conceptual Approach,
(1989), AIAA.
(12) Torenbeek, E., Synthesis of Subsonic Airplane Design,
(1976), Delft University Press.
(13) Gonzalez-Zugasti, J. P. and Otto, K. N., “Modular
Platform-Based Product Family Design,” Proceedings
of the 2000 ASME Design Engineering Technical
Conferences, Paper No. DETC2000/DAC-14238, (2000).
